Specification 

MAGNETIC HEAD HAVING MEDIA HEATING DEVICE THAT IS 
ELECTMCALLY CONNECTED TO MAGNETIC POLE PIECE 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates generally to magnetic heads that are utilized with 
thin fihn hard disk data storage devices, and more particularly to the design and 
fabrication of a magnetic head having a storage media heating device formed therein, 
where a magnetic pole of the magnetic head serves as an electrical lead of the heating 
10 device. 

Description of the Prior Art 

Hard disk drives generally include one or more rotatable data storage disks having 
a magnetic data storage layer formed thereon. Data in the form of small magnetized 
areas, termed magnetic data bits, is written onto the magnetic layers of the disks by a 

15 magnetic head that includes magnetic poles through which magnetic flux is caused to 
flow. Magnetic flux flowing from a pole tip portion of the magnetic poles in close 
proximity to the magnetic layer on the disk, causes the formation of the magnetic bits 
within the magnetic layer. 

The continual quest for higher data recording densities of the magnetic media 

20 demands smaller magnetic data bit cells, in which the volume of recording material 
(grains) in the cells is decreased and/or the coercivity (He) is increased. When the bit cell 
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size is sufficiently reduced, the problem of the superparamagnetic limit will provide a 
physical limit of the magnetic recording areal density. Present methods to delay the onset 
of this limit in storage media include the use of higher magnetic moment materials, and 
using thermally assisted recording heads. The present invention relates to such thermally 

5 assisted recording heads in which a heating device is disposed within the magnetic head. 
Heat from the heating device temporarily reduces the localized coercivity of the magnetic 
media, such that the magnetic head is able to record data bits within the media. Once the 
disk returns to ambient temperature, the very high coercivity of the magnetic media 
provides the bit latency necessary for the recorded data disk. 

10 The fabrication of such heating devices within magnetic heads necessarily 

involves a plurality of fabrication steps that are required to fabricate a heating element as 
well as the electrical leads that convey current to the heating element. Each additional 
fabrication step adds unwanted complexity and expense to the head fabrication process. 
It is therefore an objective of the present invention to reduce the number of heating 

15 device fabrication steps by utilizing existing magnetic head structures, such as the 
magnetic poles, as one or both of the electrical leads to the heating element. 

SUMMARY OF THE INVENTION 
An embodiment of a magnetic head of the present invention includes a media 
heating device that is fabricated within the magnetic head structure following the 
20 fabrication of the read head element of the magnetic head. The media heating device is 
preferably fabricated between the first and second magnetic pole layers and close to the 
ABS surface of the head. The heating device includes electrical leads and an electrically 
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resistive heating element that is preferably comprised of TaSiN, NiCr or NiFe, and in the 
present invention one or both of the magnetic poles are utihzed as an electrical lead of the 
heating device. The heating device serves to heat the magnetic media immediately prior 
to the passage of the magnetic media beneath the pole tip, which lowers the locaUzed 
5 coercivity of the media and facilitates the writing of data to the media by the write head 
element of the magnetic head. 

It is an advantage of the magnetic head of the present invention that it includes a 
media heating device to facilitate the writing of data to a magnetic disk. 

It is another advantage of the magnetic head of the present invention that the 
10 media heating device includes electrical leads that are comprised of at least one magnetic 
pole of the magnetic head. 

It is a further advantage an of embodiment of the magnetic head of the present 
invention that the media heating device is fabricated within a perpendicular magnetic 
head. 

15 It is yet another advantage of an embodiment of the magnetic head of the present 

invention that the media heating device is fabricated within a longitudinal magnetic head. 

It is yet a further advantage of an embodiment of the magnetic head of the present 
invention that the media heating device is easier and less expensive to fabricate in that 
one or both of the electrical leads are comprised of a magnetic pole of the magnetic head. 

20 It is an advantage of the hard disk drive of the present invention that it includes a 

magnetic head having a media heating device, whereby higher data areal storage densities 
of the hard disk drive can be obtained. 
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It is another advantage of the hard disk drive of the present invention that it 
includes a magnetic head having a media heating device, whereby data storage disks a 
higher coercivity can be written upon. 

It is a further advantage of the hard disk drive of the present invention that it 
5 includes a magnetic head having a media heating device that includes electrical leads that 
are comprised of at least one magnetic pole of the magnetic head. 

It is yet another advantage of the hard disk drive of the present invention that it 
includes a magnetic head having a media heating device that is fabricated within a 
perpendicular magnetic head. 
10 It is yet a further advantage of the hard disk drive of the present invention that it 

includes a magnetic head having a media heating device that is fabricated within a 
longitudinal magnetic head. 

It is still another advantage of the hard disk drive of the present invention that it 
includes a magnetic head having a media heating device that is easier and less expensive 
15 to fabricate in that one or both of the electrical leads are comprised of a magnetic pole of 
the magnetic head. 

These and other features and advantages of the present invention will no doubt 
become apparent to those skilled in the art upon reviewing the following detailed 
description which makes reference to the several figures of the drawings. 

20 IN THE DRAWINGS 

The following drawings are not made to scale of an actual device, and are 
provided for illustration of the invention described herein. 
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Fig. 1 is a schematic top plan view of a hard disk drive including the magnetic 
head of the present invention; 

Fig. 2 is a side cross-sectional view depicting various components of a prior art 
perpendicular magnetic head; 
5 Fig. 3 is a side cross-sectional view depicting a first embodiment of a magnetic 

head of the present invention that includes a media heating device; 

Fig. 4 is a side cross-sectional view depicting another embodiment of a magnetic 
head of the present invention; 

Fig. 5 is a side cross-sectional view depicting various components of a prior art 
10 longitudinal magnetic head; 

Fig. 6 is a side cross-sectional view depicting yet another embodiment of the 
magnetic head of the present invention that includes a media heating device; and 

Fig. 7 is a side cross-sectional view depicting yet a further embodiment of a 
magnetic head of the present invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The magnetic head of the present invention is utilized to read and write data to 
magnetic media, such as a hard disk in a hard disk drive. A simplified top plan view of a 
hard disk drive 10 is presented in Fig. 1, wherein at least one magnetic media hard disk 
12 is rotatably mounted upon a spindle 14. A magnetic head 16 of the present invention 
20 is formed upon a slider 17 that is mounted upon an actuator arm 18 to fly above the 
surface 19 of each rotating hard disk 12, as is well known to those skilled in the art. A 
typical hard disk drive 10 may include a plurality of disks 12 that are rotatably mounted 
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upon the spindle 14, and a plurality of actuator arms 18, each having at least one shder 17 
with a magnetic head 16 that is mounted upon the distal end of the actuator arms 18. As 
is well known to those skilled in the art, when the hard disk drive 10 is operated, the hard 
disk 12 rotates upon the spindle 14 and the slider acts as an air bearing in flying above the 
5 surface of the rotating disk. The slider 17 includes a substrate base upon which various 
layers and structures that form the magnetic head are fabricated. Such heads are 
fabricated in large quantities upon a wafer substrate and subsequently sliced into discrete 
magnetic heads 16. 

Fig. 2 is a side cross-sectional diagram of a typical prior art perpendicular 
10 magnetic head 38 which serves as a basis for the description of an improved 
perpendicular write head of the present invention which follows. As depicted in Fig. 2, a 
slider 17 having an air bearing surface (ABS) 42 is shown in a data writing position 
above the surface 19 of a hard disk 12 The disk 12 includes a high coercivity magnetic 
layer 50 that is fabricated on top of a magnetically soft underlayer 54. In Fig. 2, the disk 
15 12 is moving towards the top (arrow 56) relative to the stationary slider 17 

The perpendicular head 38 includes a first magnetic shield layer (SI) 60 that is 
formed upon a seed layer 64 that is deposited upon the upper surface 68 of the slider 
substrate 72. A first insulation layer (Gl) 76 is formed on the SI shield 60 and a read 
head sensor element 80 is formed on the Gl layer 76. A second insulation layer (G2) 84 
20 is formed on the sensor 80 and a second magnetic shield layer (S2) 88 is formed upon the 
G2 insulation layer 84. An electrical insulation layer 92 is then deposited upon the S2 
shield 88, and a first magnetic pole 96 is fabricated upon the insulation layer 92. An 
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induction coil structure 100 is fabricated upon the PI pole 96, that includes induction coil 
turns 104 that are typically formed upon an electrical insulation layer 108 and within 
filling insulation 112, and with a further insulation layer 116 that is formed on top of the 
coil turns 104. A second magnetic pole layer 120 typically termed a shaping layer or 
5 yoke 120, is fabricated on top of the induction coil structure 100. The shaping layer 120 
is preferably formed of NiFe in at.% combination such as 45/55 or 80/20. A magnetic 
back gap piece 128 joins the back portions of the PI pole 96 and the shaping layer 120, 
such that magnetic flux can flow between them. Following the fabrication of the shaping 
layer 120, alumina 132 is deposited across the surface of the wafer which results in filling 
10 the areas in front of the shaping layer 120 at the ABS 42. A CMP step may be next 
conducted to form a planar surface and expose the upper surface 136 of the shaping layer 
120. A probe layer 140 including a pole tip 148' is next fabricated in magnetic flux 
communication with tiie shaping layer 120. The probe layer 140 may be fabricated 
utilizing photolithographic techniques and is preferably comprised of a high magnetic 
1 5 moment material such as a CoFe alloy. 

Following the fabrication of the probe layer 140, fiirther magnetic head 
fabrication steps, such as the fabrication of electrical interconnects (not shown), are 
accompHshed, as are well known to those skilled in the art, and the magnetic head is 
subsequently encapsulated, such as with tiie deposition of an alumma layer 160. 
20 Thereafter, the wafer is sHced into rows of magnetic heads, and the ABS surface of the 
heads is carefiiUy poHshed and lapped and the discrete magnetic heads are ultimately 
formed. 
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As is well understood by those skilled in the art, electrical current flowing through 
the induction coil 104 will cause magnetic flux to flow through the magnetic poles of the 
head, where the direction of magnetic flux flow depends upon the direction of the 
electrical current through the induction coil. For instance, current in one direction will 

5 cause magnetic flux 180 to flow through the shaping layer 120 through the narrow pole 
tip 148 into the high coercivity magnetic layer 50 of the hard disk 14. This magnetic flux 
180 causes magnetized data bits 184 to be recorded in the high coercivity layer 50 where 
the magnetic field of the data bits is perpendicular (see arrows 184) to the surface 34 of 
the disk 14. The magnetic flux then passes through the high coercivity layer 50 and 

10 flows into the magnetically soft underlayer 54 and disburses towards the PI pole 96. The 
magnetic flux then flows upwardly (see arrows 188) into the PI pole 96 and then through 
the back gap piece 128 to the shaping layer 120, thus completing a magnetic flux circuit. 
In such perpendicular write heads, it is significant that at the ABS, the PI pole 96 is much 
larger than the pole tip 148 such that the density of the magnetic flux passing upwardly 

15 (see arrows 188) through the high coercivity magnetic layer 50 is greatly reduced and 
will not magnetically affect, or flip, the magnetic field of data bits on the hard disk, such 
as bits on data tracks adjacent to the track being written upon. As is known to those 
skilled in the art, the size and shape of the induction coil 100 and the PI pole 96 may vary 
in different write head designs. Also, write head designs are known in which a large 

20 magnetic pole, such as the PI pole, can be located to follow the writing pole (that is the 
second magnetic pole with its pole tip) as data is written on the rotating magnetic disk. 
Additionally, the position of the shaping layer 120 and the probe layer 140 can be 
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reversed, such that the probe layer is fabricated on the induction coil structure 100 and 
the shaping layer is fabricated upon the probe layer. 

As indicated hereabove, to increase the areal data storage density of hard disk 
drives, the disks are fabricated with high coercivity magnetic media that can form and 

5 maintain smaller magnetic data bit cells. To write data to the high coercivity media it is 
helpful to include a media heating device within the magnetic head, such that the 
localized heating of the media reduces its coercivity and the magnetic head can then more 
easily and reliably write data bits into the heated magnetic media layer. Once the disk 
returns to ambient temperature the high coercivity of the magnetic media provides the bit 

10 latency necessary for the recorded data bit. As is described hereinbelow, the present 
invention describes magnetic heads having improved media heating devices. 

Fig. 3 is a side cross-sectional view of a portion of a first embodiment 200 of a 
magnetic head of the present mvention that includes a media heating device 204. As 
depicted therein, the magnetic head embodiment 200 includes the induction coil 

15 insulation layer 1 16 as well as the shz^ing layer 120 and probe layer 140 that are similar 
to the structures depicted in Fig. 2 and described above, whereby they are 
correspondingly numbered for ease of comprehension. An additional feature of the 
magnetic head 200 is that a media heating device electrical lead layer 208 is fabricated 
upon the insulation layer 116. Thereafter, a thin fihn heating element 216 is fabricated 

20 upon the lead 208 proximate the ABS surface 42 of the head. A layer of electrical 
insulation 222 is next deposited upon the lead layer 208, and a polishing step is then 
undertaken to expose the top surface 226 of the heating element 216. The shaping layer 
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120 is subsequently fabricated upon the insulation layer 222. It is significant to note that 
the forward end portion 230 of the shaping layer 120 is fabricated directly onto the top 
surface 226 of the heating element 216. 

It can therefore be seen that the heating element 216 is formed in electrical 

5 connection with both the lead layer 208 and the shaping layer 120, such that electrical 
current to the heating element 216 can flow from the electrical lead 208 through the 
heating element 216 and back through the shaping layer 120. The heating device 204 
therefore includes a first electrical lead 208, the heating element 216 and the second 
electrical lead 120 which is also the shaping layer. Thus, in this magnetic head 

10 embodiment 200 the shaping layer 120 functions both as a magnetic flux conduit to the 
probe layer 140 and as an electrical current lead that conducts current to the heating 
element 216. This dual usage of the shaping layer 120 facilitates the fabrication of the 
heating device in which the complexity and expense of fabricating a second electrical 
lead layer to the heating element is avoided. 

15 The heating element 216 is fabricated as a thin film element that may be generally 

rectangular in shape, having a length of approximately 100 nm, a width of approximately 
100 nm and a thickness of approximately 50 nm to 100 nm. It is preferably foraied of a 
material at least in part comprising InOx alloy, RuOx alloy, or IrOx alloy. Electrical 
current flows through the thickness of the heatmg element from the lower lead layer 208 

20 through the heating element to the upper shaping layer 120, such that the current flow is 
generally perpendicular to the planar thin film heating element 216. It is desirable that 
most of the voltage drop of the heating device 204 be across the heating element 216. A 
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desirable electrical potential across the heating element 216 is less than 2 volts where the 
heating element 216 has a resistivity of approximately 100 to 1,000 Qcm and the leads 
208 and 120 have only a few ohms resistance from the heating element to their rear 
connection, such that the voltage drop of the heating device 204 will be primarily across 
5 the heating element 216. The lead 120 is preferably comprised of a material such as Cr, 
NiFe, or Cu and the shaping layer magnetic pole 120 is formed of a relatively thick layer 
of NiFe which acts as a good electrical conductor as well as a magnetic pole piece. 
Copper is desirable for forming the leads 208 and 120 in locations (not shown) outside of 
the pole regions due to its low resistivity. A process to form such a heater 216 would be 
10 to deposit the heater layer(s) foil film across the wafer surface. Then by masking the 
desired heater dunensions, the unwanted heater material is removed by ion milling. This 
milling will not only remove the heater material but also remove some of the underlying 
lead 208. Therefore it is preferred the lead 208 is sufficiently thick so that the loss from 
the heater fabrication process has a minimal impact on the conductivity of the lead 208. 
15 Another feature that the lead 208 may have is a top surface which is electrically 
conductive and ion mill resistant. Such a layer may be 100 nm of tantalum. Other lead 
geometries may exist for the lead 208. However, the same processing considerations 
apply. Namely, the heater 216 definition process cannot significantly impact the 
conductivity of the lead 208. 
20 It is desirable, though not necessary, that the heating element 216 be fabricated 

slightly away from the ABS 42 of the head (as is depicted in Fig. 3), to Umit corrosion of 
the heating element and to avoid possible electrical discharge from the heating element to 
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the media disk 14 during a writing operation. To further avoid the possibility of electrical 
discharge to the media, it is also desirable that the heater lead 208 not be exposed at the 
ABS 42, and electrical insulation 234, such as alumina, can be deposited at the ABS 42, 
between the lead 208 and the ABS to shield the end of the lead 208 at the ABS. 

5 Additionally, because the probe layer 140, which includes the pole tip 148, is fabricated 
upon the shaping layer 120, it is desirable that the shaping layer be electrically grounded 
in the heating device electrical circuit, such that the probe layer 140 is also grounded and 
any possible electrical discharge from the probe tip 148 to the media disk is avoided. 

A further improvement that can be incorporated into the magnetic head 

10 embodiment 200 is that the insulation layer 132 which separates the front portion 230 of 
the shaping layer 120 from the ABS 42 can be composed of a more thermally conductive 
material, such as NiP, which then serves as a thermal conduction layer. The thermal 
conduction layer 132 serves to more efficiently radiate heat to the media which aids in 
the data bit writing process of the magnetic head. It is to be understood that the 

15 fabrication of the thermal conduction layer 132 in front of the shaping layer 120 can also 
be beneficially incorporated into the magnetic head embodiments that are subsequently 
described. 

Fig. 4 is a side cross-sectional view depicting an altemative magnetic head 
embodiment 250 of the present invention having many similar features to the magnetic 
20 head embodiment 200 depicted in Fig. 3, and such features are identically numbered for 
ease of comprehension. To fiirther avoid the possibility of electrical discharge from the 
pole tip 148 to the media where the shaping layer 120 fimctions as a heating device 
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electrical lead, a layer of electrical insulation 258 is fabricated between the shaping layer 
120 and the probe layer 140. Some care must be taken in the fabrication of this insulation 
layer 258 in that the magnetic flux flow from the shaping layer 120 to the probe layer 140 
must not be unduly restricted by creating a large reluctance gap due to the thickness of 

5 the insulation layer 258. Therefore the insulation layer 258 is preferably formed of 
alumina and is as thin as it can reasonably be fabricated. Where the insulation layer 258 
is used to electrically isolate the probe layer 140, it is not necessary that the shaping layer 
120 be grounded, as it is in the magnetic head embodiment 200 depicted in Fig. 3, 
because the threat of electrical shorts to the media through the pole tip 148 is minimized. 

10 Fig. 5 is a side cross sectional view depicting portions of a prior art longitudinal 

magnetic head 400 which serves as a basis for the description of further embodiments. of 
the present invention. As will be understood by those skilled in the art, the magnetic 
head 400 includes a first magnetic shield layer (SI) 404 that is formed upon a surface 408 
of a slider body material 412. A read head sensor element 416 is disposed within 

15 insulating layers 420 and 424, and a second magnetic shield layer (S2) 428 is formed 
upon the upper insulation layer 424. An insulation layer 432 is then deposited upon the 
S2 shield 428, and a first magnetic pole (PI) 436 is fabricated upon the insulation layer 
432. 

Following the fabrication of the PI pole layer 436, a PI pole pedestal 440 and a 
20 back gap piece 442 may be fabricated upon the PI pole layer 436, and a first induction 
coil layer 444, including induction coil turns 448 within insulation 452, is fabricated 
above the PI pole layer 436 within the layer that includes the PI pole pedestal 440. 
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Thereafter, a write gap layer 460 is deposited, followed by the fabrication of a P2 
magnetic pole tip 464 and a second back gap piece 466. A second induction coil layer 
468 may be fabricated above the layer containing the P2 pole tip 464, including induction 
coil turns 472 within insulation 476. A yoke portion 480 of the second magnetic pole is 

5 next fabricated in magnetic connection with the P2 pole tip 464, and through back gap 
elements 442 and 466 to the PI pole layer 436. Following the fabrication of the second 
magnetic pole yoke 480, fijrther magnetic head fabrication steps, such as the fabrication 
of electrical interconnects (not shown), are accomplished, as are well known to those 
skilled in the art, and the magnetic head is subsequently encapsulated, such as with the 

10 deposition of an alumina layer 492. Thereafter, the wafer is sliced into rows of magnetic 
heads, the ABS surface 496 of the heads is carefiiUy polished and lapped and the discrete 
. magnetic heads are ultimately formed. It is to be understood that this description omits 
many detailed fabrication steps that are well known to those skilled in the art, and which 
are not deemed necessary to describe herein in order to provide a fiiU understanding of 

15 the present invention. 

As has been indicated hereabove, the present invention is a magnetic head 
including a media heating device that provides thermal assistance in recording data bits to 
high coercivity magnetic media, where one or both of the magnetic poles also serve as an 
electrical lead of the media heating device. As will be understood fiom the following 

20 detailed description of this embodiment of the magnetic head of the present invention, the 
heating device can be disposed at different locations within the head. For ease of 
description, this application describes in detail a heating device that is fabricated beneath 
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the PI pole pedestal 440 and above the PI pole layer 436; however it is not to be limited 
to that location. Also, the location and fabrication of other head elements, such as the 
induction coils, may be varied, and the present invention is not to be limited to the 
number or location of elements such as the induction coil. Additionally, as is well known 
to those skilled in the art, in an alternative magnetic head design the S2 shield 428 also 
serves as a first magnetic pole 436, in which case ttie insulation layer 432 is not 
fabricated. This altemative magnetic head design is termed a merged magnetic head, and 
the heating device of the present invention can be fabricated above the shield/pole 428 of 
a merged magnetic head in the same manner as it is fabricated in the piggyback magnetic 
head design that is depicted in Fig. 5 and described in detail herein. The fabrication of a 
media heating device within a longitudinal magnetic head of the present invention is next 
described. 

Fig. 6 is a side cross-sectional view depicting a longitudinal magnetic head 500 of 
the present invention. The magnetic head 500 includes many features that are 
substantially identical to features in the prior art longitudinal magnetic head 400 depicted 
in Fig. 5, and corresponding structures are numbered identically for ease of 
comprehension. As depicted in Fig. 6, the magnetic head 500 of the present invention 
includes a first magnetic shield layer (SI) 404 that is formed upon a surface of the slider 
body material 412. A read head sensor element 416 is disposed within insulating layers 
420 and 424, and a second magnetic shield layer (S2) 428 is formed upon the upper 
insulation layer 424. An insulation layer 432 is then deposited upon the S2 shield 428 
and a first magnetic pole (PI) 436 is fabricated upon the insulation layer 432. Thereafter, 
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a thin film heating element 504 is fabricated upon the PI pole layer 436 proximate the 
ABS surface 496 of the head. The thin fibn heating element 504 may be substantially 
similar to the heating element 216 described above. That is, it may be generally 
rectangular in shape, having a length of approximately 100 nm, a width of approximately 
5 100 nm and a thickness of approximately 50 nm to 100 nm. It is preferably formed of a 
material, at least in part comprising InOx alloy, RuOx alloy, or IrOx alloy. 

A layer of electrical insulation 508, such as alumina, is next deposited upon the 
PI pole layer 436 and the thin fihn heating element 504, and a polishing step is then 
undertaken to expose the top surface 512 of the heating element 504. A PI pole pedestal 
10 440 and a back gap piece 442 are then fabricated upon the insulation layer 508. It is 
significant to note that the PI pole pedestal 440 is fabricated directly onto the top surface 
512 of the heating element 504. It can therefore be seen that the heating element 504 is ; 
formed in electrical connection with both the PI pole layer 436 and the PI pole pedestal 
440, such that electrical current to the heating element 504 can flow fi-om the PI pole 
15 layer 436 through the heating element 504 and then through the PI pole pedestal 440, 
whereby the current flow is generally perpendicular to the planar thin film heating 
element 504. A first induction coil layer 444, including induction coil turns 448 disposed 
within insulation 452 is fabricated above the insulation layer 508, within the layer that 
includes the PI pole pedestal 440. Thereafter, a write gap layer 520 is deposited upon the 
20 PI pole pedestal 440 and the induction coil layer 444, followed by the fabrication of a P2 
magnetic pole tip 464 of tiie second magnetic pole, and a second back gap piece 466 
which is formed upon the first back gap piece 442. 
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The write gap layer 520 should be formed of an electrically conductive, non- 
magnetic material in order to complete the electrical circuit through the heater and pole 
structure. However, if a differing secondary electrical lead (not shown) is fabricated in 
connection to the heater, then these additional restrictions on the write gap material can 
5 be ignored. It is to be noted that the area of the back gap 442 above the insulator layer 
508 introduces an additional magnetic reluctance to the write head. To reduce the effect 
of this magnetic reluctance, the surface area of the back gap 442 (in the plane of the 
wafer) should be substantially greater than the overlap of the P2 pole tip 464 above the 
PI pole tip 440 with the write gap 520 in between. 
10 A second induction coil layer 468 may be fabricated above the layer containing 

the P2 pole tip 464, including induction coil turns 472 within insulation 476. A yoke 
portion 480 (which may also be termed a shaping layer) of the second magnetic pole is 
next fabricated in magnetic communication with the P2 pole tip 464 and through back 
gap elements 466 and 442 to the PI pole layer 436. The head is subsequently 
15 encapsulated in alumina 492, and it is finally processed in a series of well known steps 
such that an air bearing surface 496 is created. 

In this magnetic head embodiment 500, the vmte gap layer 520 is ideally 
fabricated from a material such as tantalum, rhodium, ruthenium or palladium that is 
electrically conductive while being nonconductive to magnetic flux passing therethrough. 
20 It is therefore to be understood that the electrical current path of the heating device passes 
from the PI pole layer 436, through the heating element 504, through the PI pole 
pedestal 440, through the write gap layer 520 and through P2 pole tip 464 and through 
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the second magnetic pole yoke 480. Thus electrical current flows through the thickness 
of the heating element such that the current flow path is generally perpendicular to the 
planar thin film heating element 504. It is desirable that most of the voltage drop of the 
heating device be across the heating element 504. A desirable electrical potential across 
5 the heating element 504 is less than 2 volts where the heating element 504 has a 
resistivity of approximately 100 to 1,000 Qcm and the lead structiu-es have only a few 
ohms resistance firom the heating element to their rear connection, such that the voltage 
drop of the heating device will be primarily across the heating element 504. 

Li this magnetic head embodiment the PI magnetic pole 436 and the second 

10 magnetic pole yoke 480 each function as both a magnetic flux conduit and as an electrical 
current lead that conducts current to the heating element 504. This dual usage of the 
magnetic poles facilitates the fabrication of the heating device in which the complexity 
and expense of fabricating separate electrical leads to the heating element is avoided. It 
is significant to note that the electrical insulation layer 508 serves to electrically isolate 

15 the PI pole layer 430 from the first back gap piece 442, to prevent electrical shorting of 
the PI pole lead 436 and P2 pole yoke lead 480 through the back gap elements 442 and 
466. It is also significant to note that electrical insulation 452 is fabricated between the 
induction coil tums 448 and the write gap layer 520 because the write gap layer is formed 
of an electrically conductive material which would act as an electrical short of the 

20 induction coil tums 448 if the insulation were not present. 

It is desirable, though not necessary, that the heating element 504 be fabricated 
slightly away firom the ABS 496 of the head (as depicted in Fig. 6), to limit corrosion of 
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the heating element and to avoid possible electrical discharge from the heating element to 
the media disk 14 during a writing operation. To further avoid the possibility of electrical 
discharge to the media, it is desirable that the second magnetic pole yoke 480 be 
electrically grounded in the heating device electrical circuit, such that the voltage drop of 
5 the heating device is primarily across the heating element 504. The P2 pole tip 464 and 
PI pole pedestal 440 are also grounded due to their connection to the grounded second 
magnetic pole yoke 480 to further avoid possible electrical discharge to the media disk. 
There is also the consideration of electrochemical corrosion of the pole tip, which can 
occur if there is significant potential upon the pole while the write head is in operation. 
10 This can be minimized by either limiting the potential, altering the pole material, or 
introducing an altemate lead stmcture to maintain the pole at the near ground or floating 
electrical potential. 

Another longitudinal magnetic head embodiment 550 of the present invention is 
depicted in a side cross-sectional view in Fig. 7. It can be seen that the magnetic head 

15 embodiment 550 depicted in Fig. 7 has many similar features to the magnetic head 500 
embodiment depicted in Fig. 6, and corresponding structures are numbered identically for 
ease of comprehension. A significant difference between the magnetic head 550 depicted 
in Fig. 7 and the magnetic head 500 depicted in Fig. 6 is that the PI magnetic pole 436 of 
the magnetic head depicted in Fig. 7 is recessed from the ABS 496. That is, a small 

20 quantity of electrical insulation 556, such as alumina, that is coplanar with the PI pole 
436 is deposited between the front edge 560 of the PI pole and the ABS 496. Because 
the front edge 560 of the PI pole 436 is recessed, care must be taken to ensure that there 
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is sufficient overlap and physical contact between the heating element 504 and the PI 
pole 436 to ensure good conduction of electrical current from the PI pole 436 through the 
heating element 504. Additionally, there must be sufficient overlap between the PI pole 
pedestal 440 and the recessed PI pole 436 to assure good magnetic flux conduction 
therebetween. The insulation piece 556 serves to reduce the threat of electrical shorts to 
the media through the PI pole 436 because the end surface 560 of the PI pole 436 is no 
longer exposed at the ABS 496. 

While the present invention has been shown and described with regard to certain 
preferred embodiments, it is to be understood that modifications in form and detail will 
no doubt be developed by those skilled in the art upon reviewing this disclosure. It is 
therefore intended that the following claims cover all such alterations and modifications 
that nevertheless include the true spirit and scope of the inventive features of the present 
invention. 

What is claimed is: 
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